The field experiment with different soil tillage treatments has been carried out in Prague-Ruzyně locality (Czech Republic) since 1995. Data of two growing cycles in the years 2007-2010 and 2011-2014 were evaluated. Tillage technique was decisive for changes in soil characteristics and crop yields. Bulk density, organic carbon (C org ) and microbial biomass C (C mic ) were more equilibrated throughout all tested soil layers (0-0.1; 0.1-0.2 and 0.2-0.3 m) in conventional tillage (CT). In reduced tillage (RT) and no-tillage (NT) treatments significant accumulation of C org and increase of C mic in the surface layer were found, compared to CT. No significant differences in C org and C mic between two growing cycles were determined; however, mostly higher values were obtained in the top layer of NT during the second growing period. Higher bulk density under conservation tillage techniques did not negatively affect soil characteristics and should be taken in consideration for data evaluation as it can alter interpretation of their changes in the soil profile. Crop yields were comparable in CT and RT. Yield decrease in NT was mostly observed for winter wheat and pea. Beneficial effects of RT and NT conserving soil moisture on crop yield were not observed in dry years.
Sustainable soil management systems require proper choice of cropping methods, tillage techniques, as well as ensured supply of nutrients; however, they also require subsequent soil quality evaluations. It is well known that soil quality and fertility are connected to the biological activity of soil (Mikanová et al. 2012) .
Changes in the frequency and intensity of tillage practices alter soil properties, distribution of nutrients and soil organic matter within the soil profile (Hussain et al. 1999) . Conventional tillage (CT) promotes the loss of the soil organic matter, which leads to a disruption of soil aggregates and contributes to soil erosion (Melero et al. 2009 ).
The increase of soil microbial activities and biomass after reduction of tillage has been reported by several authors, particularly in the top soil layer (Melero et al. 2009 , Mikanová et al. 2009 ). Changes in the dynamics of the microbial community occur from the interactions between tillage, soil moisture, temperature, aeration, and substrate availability (Sainju et al. 2007 ). Rainfall can also play an important role in the dynamics and activities of the soil microbial communities as higher CO 2 fluxes were detected in CT plots than in the NT treatments immediately after rainfall or irrigation; additionally an exponential relationship was found between CO 2 emissions and the soil temperature (Jabro et al. 2008) .
Many studies have investigated the effect of reduced soil tillage on crop yields, however the results are often contradictory owing to different soils and crops and using different tillage intensities. Some authors reported sustained or increased crop productivity in conservation (RT, NT) tillage, but usually a negative yield impact was observed depending on the duration and extent to which the conservation tillage is enacted, crop type, as well as on the climate region. Lundy et al. (2015) found smaller NT yields decrease compared to CT
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in temperate region (-3.7%) than in subtropical (-10.7% ). The analysis of many European studies showed a potential negative effect of the number of years of conservation tillage (RT, NT) practice on relative crop yield that can be reduced using a good crop rotation including crops other than cereals (Van den Putte et al. 2010) . Also the application of nitroegn (N) fertilizers significantly reduced NT yields declines.
The aim of this research was to evaluate the effect of different tillage practices on soil biological, microbial and physical characteristics in Orthic Luvisol, at Prague-Ruzyně (Czech Republic) as well as on crop yields. The potential relationships between microbial characteristics and meteorological conditions were also evaluated.
MATERIAL AND METHODS
Field trial. The field trials were carried out in Prague-Ruzyně (beet production area; altitude 340 m a.s.l.; latitude 50°05'N; longitude 14°20'E; annual precipitation 472 mm; annual average temperature 8.4°C; Orthic Luvisol (IUSS/ISTRIC/ FAO (2006); clay-loamy texture, pH KCl 7.0, pH H 2 O 7.8; C org 1.4%; available nutrients (extracted by the Mehlich III method): P -66 mg/kg; K -213 mg/kg; Ca -3897 mg/kg; Mg -154 mg/kg; cation exchange capacity (CEC) -227.6 mmol + / kg). The experiment was started in 1995, when three tillage practices: conventional tillage (CT -mouldboard ploughing down to 0.22 m); reduced tillage (RT -chisel ploughing of the surface soil layer to a depth of 0.1 m), and no-tillage practice (NT -without tillage) were applied. Each tillage practice was carried out on 12 m wide and 95 m long band. In the autumn, P and K fertilizers were broadcast on the whole experimental field at the same dose given by the results of Mehlich III extraction. Mineral nitrogen fertilizers were applied during spring vegetation in doses given by the N min (mineral nitrogen) method with view to the needs of cultivated plants (i.e. winter wheat 130-145 kg N/ha, oil seed rape 160 kg N/ha, pea without nitrogen). Two four-year period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) with the same crop rotations were evaluated: pea (Pisum sativum)-winter wheat (Triticum aestivum)-oil seed rape (Brassica napus)--winter wheat (Triticum aestivum). Crops were harvested in appropriate agro-technical terms.
Published yields values are converted to standard moisture grains/seeds of various crops, i.e. 8% for oilseed rape, 14% for winter wheat and pea.
The data for the samplings varied through the years from May 14 th to 26 th . The soils were collected in 5 replications from the layers 0-0.1; 0.1-0.2 and 0.2-0.3 m. The moist soil samples were sieved in a 2 mm sieve.
Bulk density. The 100 cm 3 metallic cylinders were filled in the field from the middle of each layer. The weight on an oven-dry basis (at 105°C) was used for the calculations (Králová et al. 1991) . All data on the soil C org , C mic were calculated considering bulk density in calculations.
Total organic carbon. C org was determined photometrically at 600 nm in suspension of K 2 Cr 2 O 7 and H 2 SO 4 according to Sims and Haby (1971) .
Microbial biomass C. Measurements of the soil C mic were performed using the fumigationextraction (FE) method (Vance et al. 1987) . C mic was calculated from the relationship:
Where: E c -difference between the organic C extracted from the fumigated and non-fumigated treatments.
Meteorological data. Data of temperatures and rainfall were collected by the meteorological station at the trial site. The average daily temperatures and the rainfall sum totals were calculated from the partial 15 min data sets for the period of 20 weeks before sampling. The soils were never sampled shortly after or during the rain (Table 1) .
Statistical analysis. Statistical analyses were carried out using Statistica 9.0 software (StatSoft Inc., Tulsa, USA), with the results expressed as mean values from 5 replicates. The standard deviation was determined and visualized as the vertical bars in figures. The same letters in the table bellow figures represent statistically identical values of the examined tillage practices according to two-way ANOVA Duncan's test (P < 0.05) determining the significant differences among the data.
RESULTS AND DISCUSSION
The top layer in RT had similar bulk density to that in CT, due to the chisel ploughing of the upper 0.1 m of the soil, but it increased significantly in the deeper layers and was similar to NT. The bulk density in NT was the highest within all three layers, and significantly different from CT, especially in the top layer (Figure 1 ). The 0.1-0.2 and 0.2-0.3 m layers were characterised by lower but more variable bulk density in CT; higher bulk densities were found in RT and NT, although these differences were not usually significantly different. These findings are in good agreement with the findings of Salinas-García et al. (2002), Bausenwein et al. (2008) and Chen et al. (2014) . In addition, no significant differences in bulk density between two studied periods were observed. C org contents were more uniformly distributed through the studied soil profile in CT, particularly if the data were expressed as percentage of the soil weight than in either RT or NT systems, during all of the years studied (Figure 2a ). Slight but non-significant increase of C org content, particularly in the top layer, was observed between two studied periods. The C org contents in CT at the 0-0.1 m layer were the lowest among all of studied tillage practices. An accumulation of C org in the top layer was observed in RT, and particu- 
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Vol. 61, 2015, No. 12: 566-572 Plant Soil Environ. the plant roots as well as close to the air supply. This definition corresponds to our data of C org which in RT in the middle (0.1-0.2 m) layer even exceeded those in NT. The long-term effects of conservation tillage practices are important for a more precise evaluation of the data, as the shortterm application of these practices probably did not lead to any significant increases of C org (Liang et al. 2007 ). The crop residues could play a role in the input of fresh organic matter into the soils. C mic in CT showed the lowest amounts in the top layer, but had more uniformly distributed values in the entire soil profile, than was found in RT and NT (Figure 3) . The largest C mic was found in 0-0.1 m layer in NT. In comparison with the top layer, the C mic in the 0.1-0.2 m layer was more uniform within the three tillage practices studied. Similarly, in the 0.2-0.3 m layer, it was largest in the CT practice, when compared with RT and NT during the time studied. The determined increase in C mic between the both periods (2007-2010 and 2011-2014) observed in all studied soil layers, especially at RT and NT was not significant. Similar to the C org , the C mic was more uniformly distributed within the soil profile in CT, possibly due to the distribution of crop residues in the deeper soil layers from the ploughing. As the quantity, quality and type of crop residues can significantly affect microbial characteristics, that is why two growing periods with the same crop rotation were studied. In contrast, the C mic in RT and particularly NT, where the post-harvest residues remained either within the top layer or on the soil surface, was in accordance with Salinas-García et al. (2002) higher in the top layer, and it clearly stratified within the soil profile. Bausenwein et al. (2008) reported, that the data are lacking on the influence of RT on the soil organic matter and the size of the soil microorganisms. In our experiment, the C mic in the 0-0.1 m layer in RT could utilize the greater oxygen supply due to the cultivation of the surface layer, together with post-harvest residues in the top layer. However, the C mic in RT in many years of study was found to be even lower than in NT and did not profit of the intermediate layer as Bausenwein et al. (2008) suggested. The variability of soil microbial characteristics during the studied years could be partly attributed to the different climatic conditions in the years (Table 1) . In fact, it was previously found that the soil-active C fractions and microbial communities varied between seasons, due to differences in temperature, water content, and substrate availability (Sainju et al. 2007 ).
Our results did not confirm the effects of temperature or precipitation in the field experiment as no significant relationships between meteorological and microbial characteristics in the present field experiment have been found till now. The accumulation of C org and microbial characteristics was observed in the top layer in RT and NT. The tillage technology was decisive for changes of soil biological and microbial characteristics in the soil profile as the effect of crops has not been confirmed till now, either; however NT showed a tendency to increase biological and microbial parameters in the second growing cycle. During the eight years of study (i.e. 12 th -20 th yield of the experiment) the soil bulk density in RT or NT had no negative impact on C org and C mic in the top layer, but clear stratification of these characteristics was observed in the soil profile. The different bulk densities under conservation tillage techniques are necessary to take into account for evaluation of soil characteristics as they can improve the estimation of real value of the studied parameters. Data of more crop rotations are necessary to better specify also the effect of single crop.
Crop yields in different years in CT and RT were comparable (Figure 4 ) without significant differences (except winter wheat in 2014). Yield decrease in NT compared to CT and RT was mostly observed for winter wheat (-3% to -10%) and pea (-10% to -18%). Similarly Rieger et al. (2008) obtained winter wheat grain yield decreased by 3% under NT compared to CT and RT. Also Malhi and Lemke (2007) observed greater production of seed and straw of wheat and rape under CT than NT, but they found no effect of tillage on pea yield. Analysis of data set comparing crop yields of CT, RT and NT in Europe showed yield reduction under conservation tillage, considerably larger when NT was applied. When RT was used, no significant yield effect was observed for most crops except maize and winter cereals, where the effect was limited (4%) (Van den Putte et al. 2010 ). The lowest yields were recorded in dry years 2007 and 2012. Published beneficial effect of RT and namely NT on soil moisture conservation observed in dry year or in a dry region (Malhi and Lemke 2007) did not appear significant in these years in comparison with normal rainfall years. 
